For a liquid advancing or receding on a flat bare solid in a vapor atmosphere, we show that no singularities in fact arise at the contact (triple) line. Contrary to common expectations, this does not require any "regularizing" microscopic effect (such as slip at the substrate, disjoining pressure or precursor films). The key here is the Kelvin effect, i.e., a curvature-induced variation of saturation conditions. Importantly, no evaporation-related singularities appear either. We proceed within the lubrication approximation and a classical one-sided model for zero or finite contact angle. effects to a minimum ("minimalist" approach).
length scale, we deliberately keep the number of physical 48 effects to a minimum ("minimalist" approach).
49
For simplicity, we proceed in the lubrication (thin-film) 50 approximation, widely employed in the literature for similar 51 problems [2, 3] , and implying sufficiently small film slopes 
A closure to the formulation (2) with (1) can be in the form of 67 p * and j * specified as functionals of h * . Here,
as given by the Laplace pressure, where γ * is the surface 69 tension and p * 0 is the gas pressure (whose variation is neglected 70   FIG. 2 
with
The viscous dissipation and the tangential stress acting on 82 the solid substrate are two quantities often used to put into 83 evidence contact-line singularities:
where the dissipation density |Ė * A | is expressed per unit area 85 of the film.
86
Consider first the nonvolatile case (j * = 0, J * = 0) and 87 revisit the classical singularities [2] in the present formulation. 
108
Now, from Eqs. (4)- (6), we see that the singularities can 109 be mitigated should both factors (the motion and the phase 110 change) act together in the right way:
whose interpretation is straightforward, and actually corre- thereof. The point is that we cannot just specify j * at will so as 119 to satisfy (7) . The system must have mechanisms to fine-tune 120 itself in such a way on its own. This must also be flexible, 121 i.e., for a range of values of c * and θ 0 , and not just for some 122 degenerate ones.
123
Now let the gas phase be the pure vapor of the liquid. In the 124 simplest case, the temperature T * w of the wall is just equal to 125 the saturation temperature T * 0 ≡ T * sat (p * 0 ) for the vapor pressure 126 p * 0 . This case is already quite sufficient for our goals as far as 127 motion-induced singularities are concerned (see below). If in 128 spite of our minimalist strategy we nonetheless consider a 129 more general case, with a nonzero superheat T * ≡ T * w − T * 0
130
(as, e.g., in boiling applications), this is because it is equally 131 of interest to illustrate the genericity of our approach also 132 as far as evaporation-induced singularities are concerned (be 133 it for immobile contact lines), which, as already mentioned, 134 are a big issue as well. The phase change flux is principally 135 determined by heat conduction through the liquid film [7] , and 136 consistent with the thin-film approximation used throughout 137 this communication one simply obtains
where T * is the liquid-vapor interface temperature, λ * l is 139 the thermal conductivity of the liquid, and L * is the latent 140 heat of evaporation (energy per unit mass). With local 141 equilibrium at the liquid-vapor interface, we have T * = T * 0 . 142 For a nonzero superheat, the flux (8) then turns out to be 143 nonintegrably singular asx * → 0 where h * ∼x * . This thermal 144 singularity can be relaxed, on the one hand, by the effect 145 of finite-rate phase-change kinetics (typically very small and 146 limited to a microscopic vicinity of the contact line), and 147 on the other hand, by a finite (rather than formally infinite 148 as assumed here) thermal conductivity of the wall, when 149 T * w = const in space and T * w = T * 0 at the contact line itself. 150 However, these two effects can hardly possibly account for 151 the earlier mentioned fine-tuning (7), all the more so that 152 they are evidently useless in this regard for zero superheat. 153 Staying minimalist, we shall not take them into account. 154 Another effect typically recognized as important within the 155 microstructure of liquid-vapor contact lines (see, e.g., [8] and 156 references therein) is the Kelvin effect, according to which, 157 in our context, the saturation temperature is no longer T * 0 but 158 
, where the prime denotes a derivative with respect tox 
208
Using Eq. (9), the coordinate expansion behind (10) is
where h eigen is an exponentially decaying eigenfunction con-210 tribution discussed below. Equation (11) is valid in the case of unphysical result (negative film thickness), which is deemed 220 to be an indication that the film structures studied here (with 221 a contact line) simply do not exist in this case. Anyhow, it 222 can readily be appreciated that no contact-line singularities 223 are actually associated with the solution (11), e.g., by using 224 the dimensional version of it in (3), and then in (1), (5), (6) . 225 Furthermore, the scenario anticipated in Fig. 1 and Eq. (7) can 226 be seen to be fully realized. This is the principal result of this 227 communication. Equation (11) confirms the key role of the 228 Kelvin effect, for there exists no limit K → 0.
229
Now h eigen , which can be obtained by linearizing Eq. (9) 230 around the algebraic part of (11), reads
. The 233 arbitrary coefficient B makes it likely that a solution to the 234 problem (9) with (10) can exist for quite a class of possible 235 boundary conditions to the right (posed at somex > 0). 236 For instance, one is generally interested in solutions with a 237 given nonnegative value of the curvature h far away from 238 the present Kelvin-effect-induced microstructure (formally, as 239 x → +∞). For such a boundary-value problem, B will be an 240 eigenvalue.
241
The already mentioned degeneracy of (11) for ϑ 0 = 0, 242 E = 0 signals that no actual contact line may exist (on the 243 microscopic scale) in the perfect-wetting case and without 244 superheat. This does not seem to be counterintuitive, all the 245 more so that a "topologically close" (see also later) structure 246 can be found instead:
valid for an advancing contact line (c > 0) without superheat 248 (E = 0). Equation (12) describes a microfilm (precursor film) 249 extending over the solid surface ahead of the macroscopic 250 portion of the liquid, with a thickness asymptotically decaying 251 far away. De Gennes and collaborators [2] referred to such type 252 of structure as a maximal solution, even though note that its 253 physical origin is quite different here and there. There, it was 254 due to the disjoining pressure and the liquid was nonvolatile. 255 Here, it is due to the Kelvin effect and the liquid is volatile. 256 On the other hand, a receding (c < 0) contact line in the 257 perfect-wetting case (ϑ 0 = 0) without superheat (E = 0) must 258 leave behind itself a constant-thickness film, much like in the 259 Landau-Levich problem (see, e.g., [3] ), and this case will be 260 studied in more detail elsewhere. profiles as ϑ 0 is decreased. For a finite superheat (case "b"), 301 however, this limit (ϑ 0 → 0) corresponds to a profile with 302 a finite starting point, as foreseen above from coordinate 303 expansions. For "b", the evaporation-induced apparent con-304 tact angle is nonzero even for ϑ 0 = 0, as expected (see, 305 e.g., [8] ).
306
To conclude, we stress that the present singularity-free 307 theory, which unlike existing models does not involve any 308 microparameter beyond standard thermo-hydrodynamics, can 309 readily be extended to include other effects (bounded disjoin-310 ing pressure, finite-rate kinetics, Navier slip, etc.). Moreover, 311 under some conditions, it can even be refined to include 312 diffusion into an inert gas (see elsewhere), hence making the 313 approach applicable for a wide range of problems.
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